Introduction
============

Dermatophytosis, commonly referred as "tinea" or "ringworm," has always been one of the most common superficial cutaneous mycotic infections encountered in the dermatology outpatient department. [@JR_1] These are caused by a group of closely related keratinophilic fungi called dermatophytes, all of which produce enzyme keratinase and thus invade keratinized tissues of skin and its appendages like hair and nail. There are three genera of dermatophytes--- *Trichophyton, Microsporum,* and *Epidermophyton* . [@JR_2]

Dermatophytosis is prevalent globally, affecting approximately 20 to 25% of the world's population. [@JR_3] The prevalence is governed by environmental conditions, socioeconomic conditions, and individual's susceptibility. They are common in tropics like India due to factors such as heat, higher humidity, poverty, overcrowding, and poor hygienic living conditions. [@JR_4] [@JR_5]

Several studies have been conducted in different parts of the country but the availability of scanty data on the prevalence of dermatophytosis in eastern India prompted us to take up the present study. We here present the largest cross-sectional study from our region to determine the clinical pattern of dermatophytosis prevalent in our center, to isolate and speciate the dermatophytes.

Materials and Methods
=====================

This study was undertaken in the Department of Microbiology for a period of 1 year from April 2018 to March 2019 in IMS and SUM Hospital, Odisha. The specimens from all clinically suspected cases of dermatophytosis were subjected to mycological work-up. Cases of hair and nail infection and patients already taking antifungal treatment were excluded from the study.

Sample Collection
-----------------

After selection of an appropriate site, the affected area was cleaned with 70% ethanol and allowed to dry before collecting the specimen. Skin scrapings were obtained from the active edge of the lesion with the blunt end of a sterile surgical blade (number-15) held at an angle of 90 degrees. Samples were collected on sterilized white paper envelope. Each specimen was divided into two parts, one for direct microscopy and the other for fungal culture.

Direct Microscopy
-----------------

Scrapings were mounted in fresh 10% KOH on a clean grease free glass slide and observed under 10× and 40× magnifications for the presence of fungal filaments and arthrospores.

Fungal Culture
--------------

Samples were inoculated into dermatophyte test medium (DTM) and two Sabouraud dextrose agar (SDA) slopes, one with chloramphenicol (50 mg/L) + cycloheximide (500 mg/L) and the other with only chloramphenicol (50 mg/L). The tubes were incubated in BOD (biochemical oxygen demand) incubator at 20 to 25°C. Cultures were examined every alternate day for growth and were declared negative if no growth was observed till 4 weeks. Pure growth of isolate was obtained by subculturing on corn meal agar.

Identification of Fungus
------------------------

The growth on SDA slope was examined for its topography (margin, folding, elevation), texture (cottony, woolly, velvety, powdery, granular) and pigmentation on the surface and reverse. DTM was used for presumptive identification of dermatophytes. Speciation was done using lactophenol cotton blue staining (LPCB) mount, cellophane tape mount, urease test, and slide culture whenever necessary. Characteristics of microconidia and macroconidia on LPCB mount help in the identification of different genera and species ( [Figs. 1](#FI-1){ref-type="fig"} [2](#FI-2){ref-type="fig"} [3](#FI-3){ref-type="fig"} [4](#FI-4){ref-type="fig"} ).

![*Trichophyton rubrum* : ( **a** ) SDA-wine red pigmentation on reverse side. ( **b** ) LPCB mount: arrow showing teardrop-shaped microconidia. LPCB, lactophenol cotton blue staining; SDA, Sabouraud dextrose agar.](10-1055-s-0040-1713063_00017_01){#FI-1}

![*Trichophyton mentagrophyte* : ( **a** ) SDA---White colonies showing raised central tuft with granular surface. ( **b** ) LPCB mount: arrow showing spherical-shaped microconidia in clusters and spiral hyphae. LPCB, lactophenol cotton blue staining; SDA, Sabouraud dextrose agar.](10-1055-s-0040-1713063_00017_02){#FI-2}

![*Microsporum gypseum* : ( **a** ) SDA---deep cream to buff colored colonies with suede like surface. ( **b** ) LPCB mount: arrow showing ellipsoidal-shaped, thin-walled, 4 to 6 celled macroconidia. LPCB, lactophenol cotton blue staining; SDA, Sabouraud dextrose agar.](10-1055-s-0040-1713063_00017_03){#FI-3}

![*Microsporum nanum* : ( **a** ) SDA-peach colored colonies with suede like surface. ( **b** ) LPCB mount: arrow showing small ovoid- to pyriform-shaped, thin-walled, 1 to 3 celled macroconidia with broad truncate base. LPCB, lactophenol cotton blue staining; SDA, Sabouraud dextrose agar.](10-1055-s-0040-1713063_00017_04){#FI-4}

The obtained data from the study were analyzed by chi-square test using SPSS software.

Results
=======

A total of 1,200 clinically suspected cases of dermatophytosis were included in this study.

Of 1,200 cases, the infection was seen to be more common among males (56.4%) as compared with females (43.6%) with a male:female ratio of 1.3:1. The infections were predominant in the age group of 21 to 40 years (581/1,200), followed by \< 20 years (346/1,200), 41 to 60 years (246/1,200), and least common in \> 60 years of age (27/1,200). Maximum number of cases (650/1,200) were seen between mid of summer and mid of monsoon (May--August).

Among the clinical forms, the most common presentation was that of tinea corporis (49.16%) followed by the combination of tinea corporis and tinea cruris (18.83%) ( [Table 1](#TB_1){ref-type="table"} ).

###### Distribution of clinical presentations of dermatophytic infections

  Clinical presentation                        No. of cases   Percentage
  -------------------------------------------- -------------- ------------
  Tinea corporis                               590            49.16%
  Tinea corporis + tinea cruris                226            18.83%
  Tinea cruris                                 193            16%
  Tinea faciei                                 82             6.83%
  Tinea cruris + tinea faciei + tinea manuum   65             5.41%
  Tinea pedis                                  22             1.83%
  Tinea manuum                                 13             1.1%
  Tinea incognito                              6              0.5%
  Tinea barbae                                 3              0.25%

Of 1,200 suspected cases, 1,073 (89.4%) were positive for fungal filaments by direct microscopy and 741 (61.75%) were culture positive ( [Table 2](#TB_2){ref-type="table"} ). The difference between positive and negative KOH mount for prediction of subsequent culture results was statistically significant with a value of 80.2464 ( *p* \< 0.05).

###### Comparison of KOH mount with culture findings

  KOH mount   Culture   Total   
  ----------- --------- ------- -------
  Positive    709       364     1,073
  Negative    32        95      127
  Total       741       459     1,200

Out of 741 culture positive cases, 720 were dermatophytes and 21 were yeasts. Yeasts were grown in the samples from tinea cruris, tinea pedis, and tinea faciei.

Of 720 dermatophytes isolated, *Trichophyton* species were implicated in 699 cases (97.08%) while *Microsporum* and *Epidermophyton* species were isolated in 15 (2.08%) and 6 (0.83%) cases, respectively.

*Trichophyton mentagrophyte* was the predominant dermatophyte isolated (558/720) followed by *Trichophyton rubrum* (96/720) ( [Fig. 5](#FI-5){ref-type="fig"} [Table 3](#TB_3){ref-type="table"} )

###### Correlation between various clinical forms and dermatophytes isolated

  Clinical forms                               Dermatophytes isolated                                                
  -------------------------------------------- ------------------------ ------- ------ ----- ----- ----- ----- ----- -----
  Tinea corporis                               59                       312     23     7     0     5     2     1     0
  Tinea cruris                                 2                        60      2      1     0     1     1     0     3
  Tinea corporis + tinea cruris                16                       102     2      0     0     1     1     0     2
  Tinea faciei                                 7                        41      2      1     0     1     1     0     0
  Tinea pedis                                  0                        4       6      0     0     1     0     0     1
  Tinea manuum                                 1                        3       0      0     0     0     0     0     0
  Tinea barbae                                 2                        1       0      0     0     0     0     0     0
  Tinea cruris + tinea faciei + tinea manuum   8                        33      0      0     1     0     0     0     0
  Tinea incognito                              1                        2       0      0     0     0     0     0     0
  *Total*                                      *96*                     *558*   *35*   *9*   *1*   *9*   *5*   *1*   *6*

![Distribution of isolated dermatophytes.](10-1055-s-0040-1713063_00017_05){#FI-5}

Discussion
==========

Superficial fungal infections can be caused by dermatophytes as described above and nondermatophytes such as cutaneous candidiasis, pityriasis versicolor, tinea nigra, and black and white piedra. [@BR_6]

In the present study, 1,200 clinically suspected cases of dermatophytosis were included.

We have found male predominance in our study with a male: female ratio of 1.3:1. Similar finding has been reported by several researchers from different parts of India. [@JR_1] [@JR_7] [@JR_8] [@JR_9] This may be due to increased outdoor activity among males leading to increased perspiration thus facilitating fungal growth.

Our study suggests dermatophytic infection is common in the adult age group (21--40 years) which is well correlated with the other studies. [@JR_7] [@JR_9] This could be due to the working culture which predisposes them to climatic conditions. Also, socialization is high in this age group which eventually helps in spreading of infection.

Maximum number of cases (650/1,200) were seen between mid of summer and mid of monsoon compared with other two quarters. This could be due to favorable temperature (35--40°C) and humidity (\> 85%) which provide a fertile ground for the growth of fungus.

In the current study, tinea corporis was the commonest clinical presentation followed by combination of tinea corporis and tinea cruris. This finding is well corroborated with several other studies. [@JR_1] [@JR_8] [@JR_10]

In our study, 1,073 cases (89.4%) were positive by KOH mount, 741 cases (61.75%) were positive by culture and 709 cases (59%) were positive by both KOH and culture. This result is comparable with studies by Mishra et al and Jain et al where KOH positivity was 85 and 72% and culture positivity was 64 and 62%, respectively. [@JR_11] [@JR_12] These studies show that both direct microscopy and culture play important role in the diagnosis of fungal infection.

*Trichophyton* species have been a major causative agent of dermatophytosis than the other two genuses, *Microsporum* and *Epidermophyton* . In our study also, among 720 dermatophytes isolates, genus *Trichophyton* was responsible for majority of cases (97.08%) and only negligible number of isolates of M *icrosporum* and *Epidermophyton* were grown, a finding which concurs with several other studies. [@JR_1] [@JR_9]

*T. mentagrophyte* (77.5%) was the most common dermatophyte isolated in our study followed by *T. rubrum* (13.3%) which is similar to other studies. [@JR_1] [@JR_9] [@JR_9] This finding is contrary to the observation of other studies in which a reverse trend has been reported. [@JR_1] [@JR_9] [@JR_9] [@JR_9] *T. rubrum* is generally linked to chronic dermatophytosis and we do not have exact data about the chronic cases. Besides, the use of effective and prolonged fungal therapy for treatment might have reduced the incidence of *T. rubrum* in this region. Also, in recent years, incidence of *T. mentagrophytes* is increasing gradually.

Conclusion
==========

Dermatophytoses are distributed worldwide with increased incidence in tropical countries like India. In spite of therapeutic advances in the last decades, the incidence is on the rise and we are facing an onslaught of dermatophytosis in volumes never encountered previously. Though clinical diagnosis of dermatophytosis is easy enough for an experienced dermatologist, still there are chances of misdiagnosis as many of these skin lesions may mimic other skin disorders. This may lead to unwarranted use of antifungal agents or steroids. Diagnosis of these fungal infections in the laboratory needs to be encouraged because of the ease with which these organisms can be identified with minimal basic infrastructure before initiating antifungal therapy. Despite the current upsurge of dermatophytosis in India, it probably does not get the attention it deserves as far as scientific research is concerned. Antifungal susceptibility studies should be performed as increased and prolonged use of antifungal agents has led to the development of resistance.
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